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SUMMARY 
There is increasing pressure for track managers to optimise the mix of infrastructure maintenance and 
renewal activities so that better performance can be extracted from the asset at lower operating costs. Track 
related data is usually collected for several purposes with different players (eg: track owners, rail operators 
and regulators and funding agencies) requiring data at different levels of detail and about different matters. 
The paper reports on a review of data collection procedures as part of a project funded by the Rail CRC, 
aimed at “Enhancing the Optimisation of Maintenance/Renewal.” The paper also reports on preliminary 
outcomes of an international survey of current practice with respect to track related data collection and use.  
 
1. INTRODUCTION 
Restructuring of the railway industry around the 
world has been progressing for decades, 
increasing the need, financially and operationally, 
for a review of data collection procedures and their 
relationship to performance measurement 
systems. 
The restructuring process has produced a more 
competitive sector; improved flexibility for multiple 
operator access to track; identified the need for 
soundly based access charging, highlighted the 
interdependency of the quality of maintenance in 
vehicles and track; and encouraged a more 
rigorous assessment of performance indicators 
and maintenance thresholds [1]. 
Each of these outcomes has in turn exposed the 
need for valid and appropriate data upon which 
decision making is based. New techniques for data 
collection are being introduced at a fast pace, 
giving rail organisations the option to collect large 
amounts of data related to infrastructure condition 
and use. Though these techniques provide 
potential for detailed analysis of system and 
component performance, there is the danger of an 
organisation being overwhelmed with the mass of 
data. Questions need to be asked regarding the 
quality of the data, its reliability, the cost of 
collecting it and how far the data can contribute to 
a more efficient and effective use of maintenance 
resources. How does an organisation decide 
whether to spend the money to set up new 
sources of data and whether existing sources are 
cost effective and continuing to be meaningful? 
The Cooperative Research Centre for Rail 
Engineering and Technologies (CRC) is funding a 
project at the Queensland University of 
Technology, which in part is exploring these 
issues. The overall aim of the project is to support 
the optimisation of maintenance/renewal activities 
by investigating and determining the relationships 
between track degradation and track structure, 
maintenance, as well as operational factors, for 
relevant operating conditions. 
The paper describes the project and discusses 
railway track data collection issues in the light of a 
modern, competitive industry. The following two 
sections of the paper below cover data collection 
from the perspectives of government and 
shareholder, regarding performance monitoring 
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and maintenance and renewal decision-making. 
Then the paper reports the methodology and some 
preliminary findings from a survey on data 
collection and utilisation practices for track 
maintenance and renewal planning purposes, 
conducted as part of the CRC project. The 
discussion of the survey focuses particularly on 
data collection practices and performance 
indicators for track maintenance and renewal 
planning. The final section describes some 
conclusions and suggests areas for further 
research. 
2. ORGANISATIONAL CONTEXTS  
Track related data is usually collected for several 
purposes with different players (eg: track owners, 
rail operators and regulators and funding 
agencies) requiring data at different levels of detail 
and about different things. Decisions about new 
investment, track cost allocation and track 
performance all require reliable and timely data. 
These will be briefly discussed in this section, 
whilst section 3 discusses track maintenance 
planning data needs. 
2.1 Evaluation of Investment Options 
The organisational setting is an important feature 
when discussing data collection procedures and 
performance measures. Some organisations are 
profit maximising private companies where 
maintenance and renewal activities should be 
evaluated using cost-revenue analysis (CRA). 
Others are government owned and funded like 
many of the European railways, where the 
objective is set in government transport policy. 
Normally this objective is social welfare 
maximisation, which makes cost-benefit analysis 
(CBA) applicable when evaluating maintenance 
and renewal projects.  
 
The necessary data to be collected generally 
increases if social welfare maximisation is the 
objective as opposed to profit maximisation, as it 
includes intangible effects not bought and sold on 
the market and reflected in the market price for 
transportation [2]. Hence, project evaluation using 
CBA is a more complex task than with CRA. 
Pickrell and Neumann [3] highlight six factors 
driving the need for linking performance measures 
to system investment. 
• Accountability. There has been an 
increased spending flexibility to 
transportation agencies and monitoring by 
higher-level bodies through performance 
measures. 
• Efficiency. Aligning performance measures 
with company targets to help 
organisational focus on priorities. 
• Effectiveness. Shifting thinking from output 
to outcomes. 
• Communications. Improving 
communication with stakeholders and 
customers. 
• Clarity. Improving the planning process by 
getting a focus on the main objectives. 
• Improvement over Time. Monitoring gives 
opportunities to reflect upon actions taken 
and possible changes to achieve goals in 
the future. 
2.2 Track Cost Allocation 
Two main rail ownership models are emerging in 
practice, namely: the vertically integrated railway 
with or without separate internal business units; 
and the vertically separated railway with track 
infrastructure managed and owned separately 
from operators. Whatever the business model, 
rail’s market share is closely related with level of 
service which an operator can offer. In this 
respect, transit times and reliability of arrivals have 
an important part to play. Both these two levels of 
service attributes are associated with track 
infrastructure design and maintenance standards 
and hence the need to closely monitor 
performance in this area. 
Whether infrastructure is privately or publicly 
owned, it is important to ensure that the owner has 
sufficient incentive to move towards the most 
productive maintenance methods, as well as the 
most effective long-term track standards. This will 
require investment decisions to be made related to 
assets which might have an economic life of 50 
years (eg. concrete sleepers). Such decisions 
need to be informed by rigorous analysis of 
options based on sound data. 
 
The model of vertical separation of track dictates 
that each user should be charged track damage 
costs on an equitable basis. When several 
operators compete for the use of track owned by a 
separate business unit or company, it is essential 
to know the damage being caused by each user, 
both in the short- and long-term.  
The allocation of track costs amongst users is a 
major issue given that there is still a poor 
understanding of track deterioration causes, in 
spite of considerable research effort throughout 
the world. For example, a recent study by Resor 
and Patel [4] showed large discrepancies between 
the fair share for Conrail in 1996 on Amtrak’s 
North Eastern Corridor using Zeta-Tech’s 
TrackShare model and Amtrak’s allocation 
method. The effect of train speeds, axle-loads and 
vehicle types on maintenance effort is still poorly 
understood.  
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2.3 Monitoring Performance 
There is a need to decide on the key objectives 
and to link them to relevant performance 
measures before embarking on data collection. 
Very often, readily available data is reported on 
without a link to overall objectives. There is a 
danger that data collection may become an end in 
itself, given advances in data capture and analysis 
technologies and systems.  
Irrespective of the institutional setting, the railway 
industry is in general monitored by an independent 
body, which makes sure that competition is fair 
and operations are safe. Reporting to this body 
requires certain data, which might or might not be 
useful in other contexts. These performance 
measures are normally highly aggregated and 
unsuitable for planning of maintenance and 
renewal. Performance indicators can also be used 
for communication with customers. For example, 
the US Class I railroads and the two major 
Canadian railroads are publishing information 
every week to their customers on a website 
(www.railroadpm.org). The common performance 
measures are: total cars on line; average train 
speed; average terminal dwell time ands Bill of 
lading timeliness. 
Issues related to the challenges regarding data 
collection for a modern railway organisation are 
discussed in [5] and [6]. 
During the last decade, performance 
measurement has become a more common 
feature in the transportation industry and the 
numbers of measures are numerous. A recent 
survey [7] reported some 70 different measures 
used for highway performance in the United States 
and Queensland Rail have as many as 41 
performance indicators to monitor safety, asset 
reliability, maintenance performance and costs [8]. 
Introducing performance measures will not be a 
guarantee for better decision-making. They must 
be linked to overall objectives and integrated into 
the maintenance planning process of an agency 
and or organisation [9].  
The combination of data sources presents a 
challenge, since a common denominator must be 
used if data is to be joined. Experience from cost 
data modelling in the National Rail Administration 
in Sweden shows that the level of detail in 
available data varies significantly between different 
sources, forcing a lot of detailed information to be 
aggregated to fit in with other sources [10]. A well-
defined data collection and analysis strategy is 
needed to overcome such issues. 
3. INFORMATION FOR MAINTENANCE 
DECISIONS 
Decisions related to track renewal and 
maintenance usually require a trade-off between 
initial capital expenditure and recurring 
expenditure budgets.  Transparency is required in 
decision-making processes so that decision-
makers can see clearly the merits of an optimal 
maintenance/renewal mix. 
In the past, such trade-offs have been based on 
the experience of maintenance planners and 
managers. This approach raises a number of 
concerns: 
• Engineering judgement alone cannot 
always be backed up by a whole-of-life 
economic analysis. 
• The knowledge and experience base may 
not stay with the organisation once key 
staff leave. 
• Personal experience is based on 
perspective and varies markedly between 
people. 
• The effectiveness of specific interventions 
cannot be objectively assessed if there are 
no agreed performance criteria. 
• Successful “bids” for funds are dependent 
on processes based heavily on the 
strength of subjective opinion, possibly 
leading to sub-optimal network-wide 
solutions. 
To counter some of these concerns track 
maintenance planning tools have been 
progressively introduced over the last decade, 
moving from trials [11] to commercially available 
products [12, 13, 14, 15]. Today, there are several 
commercially available strategic maintenance 
planning models on the market, most of which 
make extensive demands on input data. 
The most basic input for these models is a track 
information system, which covers the individual 
elements of the railway network. Furthermore, 
traffic information, condition data and records of 
work undertaken are vital. To be able to fully utilise 
the power of these models, extensive historical 
records are needed.  
Continuing advances in computers allow greater 
quantities of data to be easily stored and analysed. 
In addition, track condition data can be obtained 
increasingly more accurately and speedily. These 
technological developments have the potential to 
bring about a better understanding of the effect of 
maintenance and renewal on the rates of 
deterioration in terms of defects and geometry. 
In many rail organisations, this growth of 
information is forming at least the basis of a series 
of rules and relationships associated with 
maintenance and renewal.  Work to produce these 
rules is driven by the need for decision support 
systems, which will optimise the 
maintenance/renewal mix. Such work is in its very 
early stages but has the promise of reducing 
reliance on the 'experienced planner' and in turn 
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providing the transparency required in today's 
decision making process. Commercially available 
maintenance planning models are something of a 
global attempt to capture such rules. 
There are many forms and types of data collected 
on the part of infrastructure owners. Human 
inspection of the state of track and structural 
components together with machine-based 
measurement of track behaviour are the primary 
sources of data upon which decisions are made 
regarding maintenance intervention. The small 
quantity of data from experienced track inspectors 
is nevertheless highly reliable, controlling a 
significant expenditure of maintenance resources 
at the local level. Track recording cars, ultrasonic 
rail inspections, video recordings, ground-
penetrating radar [16, 12, 17], and the like provide 
enormous quantities of data with less certainty of 
its meaning, but system-wide planning is heavily 
influenced by such data. Remote monitoring 
techniques are being used on sites with high traffic 
demand but low access for inspections [18, 19, 20] 
Such developments should lead to an improved 
understanding of track degradation and hence a 
more complete picture of the cost regimes 
associated with different operating characteristics 
and infrastructure condition states. This in turn, will 
help identify efficient cost outlays and related 
access charges. 
The CRC project described earlier is in part 
investigating the range, type and purpose of data 
being collected by track owners. In particular, it 
aims to help identify how to select the most cost-
effective data streams with the greatest relevance 
to their organisation. A major part of this project is 
the preparation and distribution of a survey 
instrument sent to a number of organisations in a 
variety of countries. The survey is discussed in 
section 4 following.  
There are many complex interrelationships 
impacting on maintenance of track, which together 
compound the difficulty of making decisions 
concerning the range and form of data to be 
collected. The survey aims to tease out some of 
that detail to help clarify when, where and how 
data should be obtained and used. To help 
illustrate the complexity of the process by which 
maintenance interventions are determined (and 
therefore the complexity of decisions regarding 
data collection), Fig.1 shows how the present 
project and some of the other CRC projects relate 
to the process of maintenance and planning. 
 
 
Figure 1 Track Maintenance and Planning Process, and Related CRC Research Projects 
(* refers to the present project on data collection and track degradation) 
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4. CURRENT PRACTICE 
With the growing availability of planning tools a 
critical issue is whether the railway industry can 
provide basic data needed to run these tools. 
Simson reported a few years ago that most 
organisations did not have a lot of historical data 
to provide input to a track maintenance planning 
model, therefore suggesting a track maintenance 
planning framework requiring minimum data [21]. 
The question is whether this conclusion is still 
valid and it has been addressed with a short, 
targeted survey on data collection procedures in 
the railway industry today. 
4.1 Survey Instrument 
The survey was distributed to some 20 
organisations in Australia, Europe, Africa and 
North America. The common feature about these 
organisations is that they have been active in 
development of data collection procedures and 
implementation of planning tools over the last 
years. Hence, they are considered to represent 
the current state of the art in the railway industry. 
The survey consists of six sections set up in 
Microsoft Excel (extracts from the survey can be 
found in the appendix to this paper).   
• Section one of the survey covers some 
background information on the 
respondent and the organisation.  
• Section two focuses on collection 
procedures for traffic information. Eight 
common parameters are listed and 
collection method, storage method and 
time, level of detail and reporting 
frequency are of interest. 
• Section three deals with track geometry 
parameter information. Collection method, 
storage method and time and reporting 
frequency are sought.  
• Section four focuses on track component 
condition information. The information 
collected, method and frequency of 
collection as well as storage method and 
time are of interest, as is information on 
the possibility of linking the collected 
information to an asset information 
system. 
• Section five covers key performance 
indicators used in the organisation for 
maintenance and renewal decision-
making.  
• Section six deals with how the collected 
data is linked to corrective and preventive 
maintenance activities. An open question 
on developments planned or under way 
on the subject is provided at the end of 
the survey, in an attempt to discover the 
degree of current utilisation of the data 
collected and any major developments by 
the various organisations 
4.2 Survey Outcomes 
At the time of preparation of this paper a limited 
number of responses have been received. The 
findings expressed below should be seen as 
preliminary as more responses are awaited in the 
near future. The responding organisations cover 
between 5 000 and 23 000 kilometres of track. 
The traffic service varies between organisations 
from passenger dominated to freight and heavy 
haul dominated. A couple of the organisations run 
a mix of heavy haul and passenger traffic on the 
same track. 
4.3 Traffic information 
Traffic information is a key variable in 
maintenance and renewal planning, making 
collection procedures of major importance. Table 
1 shows the current collection and storage 
procedures in four of the responding 
organisations.  
 
 
 
 
Traffic Parameter TD WBR/WIM DB/SS PR <S-T-S >S-T-S <M >M
1. Gross Tonnage 1, 2, 3, 4 1, 2, 3 1, 2, 3, 4 1, 3 1, 2, 4 3 1, 2, 3 4
2. Axle Loads 1, 2 1, 2 1 1, 2 1, 2
3. Train speed 2, 3 2, 3 2 3 2 3
4. No. of trains 1, 2, 3, 4 1, 2, 3, 4 1 1, 2, 4 3 1, 2, 3 4
5. Service type 1, 2, 3, 4 1, 2, 3, 4 1 1, 2, 4 3 1, 2, 3 4
6. Locomotive type 2, 3 2, 3 2 3 2, 3
7. Wagon type 2, 3 2, 3 2 3 2, 3
8. Axle configuration 2 2 2 2
Collection Method Storage Method Detail level Reporting Frequency
 
 
 
 
 
 
 
 
 
 
Table 1 Traffic Collection Procedures in Four Railway Organisations.  
(TD = Train declaration; WBR = Weigh bridge records; WIM = Weigh in motion; DB = Database; SS = Spreadsheet; PR = Printed 
report; <STS = less than station to station; >STS = more than station to station; <M = at least monthly; >M = less frequent than monthly. 
Each organisation is numbered from 1 to 4.) 
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The collection methods are generally train 
declarations (TD), weigh bridge records (WBR) 
and weigh in motion (WIM). Storage is either 
electronically in database (DB) or spreadsheet 
(SS) or a hard copy report (PR). The level of detail 
is either less than station to station (<STS) or more 
aggregate (>STS). Finally reporting frequency is at 
least monthly (<M) or less frequent (>M). Each 
organisation is numbered from 1 – 4. 
Organisation 2 is ahead of the others with the most 
important traffic parameters collected at a fine 
level of detail and readily available to planners. 
Organisation 3 collects the majority of the 
parameters but at a more aggregate level of detail. 
The information not collected is axle loads and 
train speeds. The lack of this information might 
seriously affect the possibility to estimate 
deterioration models to be used in the planning 
process if there is variation in traffic along a line.  
Organisation 1 does not collect speeds or vehicle 
information, but all others and at a fine level of 
detail. Organisation 4 trails with limited information 
and infrequent reporting. 
A quick comparison between 2 and 4 shows the 
former in a much better position to make use of 
traffic information in any modelling context. 
Despite both organisations allowing various 
operators to run train services on their network, the 
difference in level of control is large.  
A final note is that not all organisations keep the 
collected information permanently and in one case 
only two years of information is stored. Time series 
over accumulated tonnages can therefore be 
difficult to find. 
4.4 Track Geometry Information 
Modern track recording vehicles provide excellent 
possibilities for collection of large amounts of data 
on track geometry. In many organisations, data 
has been collected for many years, but analysis by 
those organisations has been limited by lack of 
computing power and software. Table 2 below 
presents information on track geometry data 
collection in the four respondent organisations. 
Standard parameters like top/level, twist, lateral 
rail wear, railhead profile, cant/superelevation, 
gauge and versine/curvature are collected 
throughout the organisations. Other parameters 
collected by the organisations are  
¾ Contact wire height 
¾ Contact wire stagger 
¾ Vertical wheel load 
¾ Lateral wheel load 
¾ Rail corrugation 
¾ Truck and Car Body Acceleration 
¾ Longitudinal forces 
¾ Cant deficiency/imbalance and 
¾ Lateral jerk. 
The collection frequency between the 
organisations varies from every six months to 
twice a month; organisation 2 has twenty-four track 
geometry observations per year compared to two 
per year for others. Commuter and high-speed 
lines have a higher collection frequency than other 
lines. All the information is available to planners in 
digital format, but some organisations still produce 
printed reports.   
4.5 Other Information and Utilisation 
With the limited responses for the final section of 
the survey it is hard to make any specific 
observations. It seems that visual inspection is the 
common method of collection for track component 
condition, but the collection frequency varies 
between parameters and the train service 
provided. Lines with suburban and commuting 
traffic have in some cases a higher inspection and 
collection frequency than other lines. Linking track 
component conditions to an asset information 
system is yet to be implemented. 
The most common key performance indicator is an 
overall track condition index (TCI), although its 
foundation varies from organisation to 
organisation. Normally it is based on a 
 
 
Table 2 Track Geometry Collection Procedures in Four Railway Organisations.  
(<6M = more often than every 6 month; >6M = every 6 month or less frequent; DB = Database; SS = Spreadsheet; PR = 
Printed report; ADB = Available to planners in database. Each organisation is numbered from 1 to 4.)  
 
Type of track usage <6M >6M DB/SS PR ADB <6M >6M
Freight 2 1, 3, 4 1, 2, 3, 4 1, 3, 4 1, 2, 4 3
Heavy Haul 1, 2 3, 4 1, 2, 3, 4 1, 3, 4 1, 2, 4 3
Passenger 1, 3, 4 1, 3, 4 1, 3, 4 1, 4 3
Commuter/Suburban 3, 4 1 1, 3, 4 1, 3, 4 1, 4 3
High Speed 2, 3, 4 2, 3, 4 3, 4 2, 4 3
Freight/Passenger 1, 3, 4 1, 3, 4 1, 3, 4 1, 4 3
Collection Frequency Storage Method Reporting Frequency
combination of track geometry parameters. Train 
delays are common as are safety exceptions. 
Other indicators include ineffective sleeper 
clusters.  
The final section about utilisation has proven to be 
the most difficult task for the responding 
organisations with only one response. We abstain 
from presenting any information from this section. 
4.6 Development Under Way 
There are some activities going on in different 
organisations at the moment. One organisation is 
busy implementing a modern traffic information 
system storing real time data from a train control 
system. This will provide detailed information on all 
traffic around the network, including important 
information on tonnages, axle loads and speeds. 
Another organisation is under way implementing a 
work management system to improve possibilities 
to link maintenance and renewal activities to a 
specific location. 
5. CONCLUSIONS 
The limited number of responses on the survey so 
far requires us to be cautious in our conclusions. It 
is clear, however, that the issue of data collection 
and its utilisation in organisations has been a 
difficult one for those organisations to respond to. 
It is anticipated that the low response rate to date 
is due to both lack of knowledge regarding data 
and its collection and to lack of resources in being 
able to respond in the increasingly high pressure 
climate rail personnel are subject to. 
Structuring data collection procedures and 
utilisation for maintenance and renewal decision-
making purposes has proven to be a difficult task 
for rail organisations. One reason for this may be 
lack of a comprehensive view of the issue in the 
railway industry today; another may be a lack of 
will to share internal know-how with the rest of the 
industry; or internal difficulties in gathering the 
necessary information as it involves different 
organisational units.  
A further challenge to efficient data collection is 
that of creating an infrastructure reference system 
which allows changes, but where the structure is 
kept for analyses over time. Detailed track 
geometry data can today be presented for different 
measurement occasions, but if the underlying 
infrastructure information is changed, it will be 
difficult to see trends in deterioration rates . 
It is not obvious whether the industry is ready and 
able to perform a quantitative analysis of track 
maintenance and renewal, but the feeling is that a 
lot of organisations are still in the phase of getting 
data in place to be able to run a computerised 
maintenance planning model. 
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APPENDIX – EXTRACTS FROM DATA COLLECTION SURVEY 
 
 
 
_____________________________ 
Table 1 – TRAFFIC INFORMATION PARAMETER TABLE
Collected
Traffic Parameter [Yes/No] Collection Method 1) Storage Method 2) Storage time 3) Detail level 4) Reporting Frequency 5)
1. Gross Tonnage
2. Axle Loads
3. Train speed
4. No. of trains
5. Service type (Freight, Passenger, etc.)
6. Locomotive type
7. Wagon type
8. Axle configuration
9. Other (please specify below)
1) Please specify the method of collection. WBR  (Weigh Bridge Records); WIM  (Weigh In Motion); TD  (Train Declarations); 
OCM1 (Other Collection Method 1): OCM2 (Other Collection Method 2):
2) Please specify the method of storage for the collected traffic information. DB  (Database); SS (Spread sheet); PR  (Printed Report); 
OSM1 (Other Storage Method 1): OSM2 (Other Storage Method 2):
3) If your organisation is storing traffic data over time, please specify the time in years that the data is kept.   
Specify Time in Years (i.e. “5” for 5 years); PK  (Permanently Kept); NK  (Not Kept)
4) Please state the lowest track related level of detail for traffic information. KM  (Kilometre sections); P-T-P (Point (switch) to Point);  
S-T-S (Station to Station); TS (Track Sections (several stations)); L (Line (several Track Sections)); R (Region); N  (Network);
ODL1 (Other Detail Level 1): ODL2 (Other Detail Level 2):
5) Please state how often traffic information is reported to planners of maintenance and renewal. D  (Daily); W  (Weekly); M  (Monthly);  
BM (Bi-Monthly); Q (Quarterly); A (Annually); UR  (Upon Request); ADB (Accessible to Planners in Database); NR  (Not Reported)
ORF1 (Other Reporting Frequency 1): ORF2 (Other Reporting Frequency 2):
Table 5 - Utilisation of collected information for maintenance and renewal decisions
Maintenance and Renewal Activities Maintenance type 1) Traffic info. used Geometry info. used Component info. used Main KPI's used 5)
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Corrective
Preventive
Other (please specify below) Corrective
Preventive
1) A corrective action is only undertaken once a fault has been detected. A preventive action is undertaken to avoid the occurrence of a fault. If any of the listed activities is not 
undertaken in a corrective and/or preventive fashion, then put Non Applicable (N/A) in the "Traffic info. Used" column.
2) Referring to Q4. Table 1 Traffic Information Parameters, write the number corresponding to the information used to determine if the activity is to be undertaken.
3) Referring to Q5. Track Geometry Parameters, write the number corresponding to the information used to determine if the activity is to be undertaken.
4) Referring to Q7. Table 3 Track Component Condition Parameters, write the number corresponding to the information used to determine if the activity is to be undertaken.
5) Referring to Q8. Table 4 Key Performance Indicators, please list the number corresponding to the information used to determine if the activity is to be undertaken
Point/Switch renewal
Subgrade/Formation Works (e.g. 
drainage)
Sleeper replacement
Ballast maintenance
Ballast renewal
Point/Switch maintenance
Tamping
Rail defect maintenance
Rail Grinding
Rail Renewal
